Determination of Extubation Failure Risk
Re-intubations following extubation failure both in the ICU and in the postoperative period are observed to be performed immediately and 2 hours after extubation. They are rarely performed after 24 hours. Some authors use the term "early re-intubation" for the re-intubations performed within minutes or within 6 hours after tracheal extubation in the postoperative period and the term "late re-intubation" for the re-intubations that occur after 24 hours, which are rare. In the former case, larynx edema is a frequently observed cause of airway obstruction in the ICU and during the postoperative period. On the other hand, in the latter case, the factors contributing to airway obstructions include comorbid diseases, type of disease, and postoperative management (5) (6) (7) (8) . This can serve as guidance for clinicians regarding the time for which patients having difficult airways and extubation failure risk in the ICU should be monitored and the duration for which airway exchange catheters should be used, when necessary (9) . The determination of patients with extubation failure risk begins with the determination of the factors that can cause extubation failure.
Factors That can Lead to Extubation Failure a) Changes That Occur in the Airway During Anesthesia
Airway damage when administering anesthesia can be caused by the laryngoscope, tracheal tube, or other auxiliary airway devices. Periglottic trauma can develop because of the use of transesophageal echocardiography probes, nasogastric tubes, excessively wide tubes, high cuff pressure, or the inflation of the tracheal tube cuff in an inappropriate position. According to the data obtained from the American Society of Anesthesiologists (ASA), who have analyzed airway damages during anesthesia administration, damages occur in the larynx at a rate of 33%, in the pharynx at a rate of 19%, in the esophagus at a rate of 18%, in the trachea at a rate of 15%, in the temporomandibular joint at a rate of 10%, and in the nose at a rate of 5%. Vocal cord paralysis (34%) is more frequent among laryngeal damages, followed by granuloma (17%), arytenoid dislocation (8%), and hematoma (3%). With regard to laryngeal damages, 85% occur during short-term tracheal intubations and 80% occur during routine (not difficult) intubations (10, 11) .
b) Complications That Develop During Operation
An airway that is normal before an operation can deteriorate after surgical interventions performed in or around the airway and can lead to problems after extubation. Thyroid, maxillofacial, cervical colon, carotid, and other head-neck surgeries are risky operations in terms of the airway. Airway damage in such surgeries can occur directly, such as hematoma, edema, and impaired lymphatic drainage (12, 13) .
c) Restricted Access to the Airway After Operation
In some situations such as maxillofacial, neck, and upper respiratory tract surgeries, access to the airway, which is easy at the beginning of the operation, can be difficult after the operation because of some factors such as halofixation, mandibular wiring, surgical implants, and cervical colon fixators.
d) Patient-Related Factors
According to the 4 th National Audit Project of the Royal College of Anesthetists and the Difficult Airway Society (NAP4), the rate of severe complications after extubation is reported to be 0.001%. The most common comorbidities in this group are obesity (46%), chronic obstructive pulmonary disease (34%), and obstructive sleep apnea syndrome (OSAS) (13%). The mortality rate is 5%. The cumulative death rate and severe morbidity rate (including resuscitation after cardiac arrest and brain damage) have been found to be 13% (14) . Therefore, patients must be carefully evaluated in terms of the presence of obesity and OSAS.
Obesity and OSAS
Obesity is defined as the situation in which the body mass index exceeds 30 kg/m 2 . OSAS is characterized by partial or complete periodical obstruction of the upper respiratory tract during sleep. Approximately 71% of morbidly obese patients suffer from OSAS. Difficult ventilation with a mask is more common in obese patients during the perioperative period. The risks of aspiration, airway obstruction, and rapid oxygen desaturation is more frequently observed in such patients. The frequency of difficulty in intubation is reported to be 7.5% in morbidly obese patients. In the 2005 ASA "Closed Claims" database, it is specified that 156 out of 165 perioperative airway events (42%) occur in obese patients; this rate is 42% (77/184) according to NAP4 data. However, it is specified that this high rate does not increase the duration of hospitalization and mortality, particularly in moderately obese patients. The points to take into consideration, which are related to the respiratory tracts of obese patients, are as follows: these patients have increased sensitivity toward respiratory suppressive effects of opioids and anesthetics; the risk of hypoxemia is increased; and the position of the patient is important (the supine position should be preferred, if possible). In the study on obese patients who suffered from snoring and underwent elective surgery under our supervision, the heads of the patients were maintained in the supine position without performing hyperextension. The base of the tongue and the larynx of these patients were viewed through an endoscope while administering anesthesia. It was found that the obstructive effect of the tongue base apparently decreased with the jaw thrust maneuver in the supine position and the retroglossal airway opened significantly. Moreover, continuous monitoring is necessary for the early detection of cardiac and respiratory impairments of these patients (for instance, using a pulse oximeter and capnography) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) .
Chronic Obstructive Pulmonary Disease (COPD)
Although the rate of extubation failure is reported to be between 35% and 67% in patients having COPD and needing mechanical ventilation, no obvious data exist on extubation failures occurring because of non-protected airway integrity. Airway secretions increasing with chronic bronchitis can lead to extubation failure in COPD patients. Adequate cough reflex and cough force before extubation are important for the excretion of secretions in this patient group. In a previous study, it has been specified that patients demonstrating a high amount of secretion before extubation exhibit an 8-fold increased risk of re-intubation. In another study, it has been reported that COPD patients needing aspiration at 2-hours or shorter intervals have a 16-fold increased risk of re-intubation. Therefore, the quantitative measurement or subjective grading of the amount of secretions before extubation in COPD patients is used for predicting successful extubation (25) (26) (27) .
Head-Neck Pathologies
Tracheal re-intubation in the presence of head-neck pathologies and after maxillofacial or major neck surgery is reported to be between
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Extubation is not simply the reversal of tracheal intubation. In general, the conditions during extubation are not as appropriate as those during intubation and induction. According to both ASA "Closed Claims" and NAP4 data, negative outcomes often develop because of the lack of necessary preparation (often in the presence of headneck pathologies and changes after surgery) (14, 21) . Therefore, it is recommended that extubation must be an elective process, and plan and equipment must be effectively prepared before this process. Oxygen support after extubation must be provided without interruption, and there must be a plan for re-intubation that can be rapidly implemented in case of failure. In this sense, a route that can be safely managed from the decision of extubation until the implementation of extubation must be followed. A step-by-step approach including planning, preparation, and implementation of extubation and monitoring after extubation is recommended (3).
I. Planning at-Risk Extubation
An extubation plan begins with the evaluation of airways and general risk factors of the patient. Whether risk factors related to airways are present, whether the airway is normal or complicated, and whether the anatomical structure changes during an operation must be investigated.
II. Preparation of at-Risk Extubation
A successful extubation must begin with the optimization of the airway that involves general and logistical factors. The preparation of a plan involves the risk evaluation of extubation. In the case of failure in the continuance of the airway after extubation, all the preparations for re-intubation must be made.
a) Evaluation of the Airway in Terms of Appropriateness for Extubation
At the beginning, the physician must identify whether balloon-mask ventilation can be easily performed after extubation. The presence of edema, bleeding, clot, trauma, and foreign body in the airway and distortion of the airway can be evaluated through direct or indirect laryngoscopy. A tracheal tube can inhibit the evaluation of the larynx through direct laryngoscopy. Although the airways appear normal, edema can develop after extubation. For assessing the subglottic region, a cuff-leak test is performed. Clinically, there must be an audible air leakage when the cuff of the tracheal tube is pulled downward. The lack of air leakage after pulling down the cuff of the tracheal tube in an appropriate manner shows that extubation will not be safe. A spirometer provides quantitative evaluation of the cuff leakage; although it has high sensitivity, its specificity is low (14) .
With regard to cases in which intubation is difficult and oxygenation is suboptimal during surgery, chest radiography can be required for ruling out bronchial intubation, pneumothorax, surgical emphysema, and other pulmonary complications. A distended stomach can make respiration more difficult by pushing the diaphragm. Therefore, the decompression of the stomach can be needed before extubation. For cases in which ventilation is performed through a facial mask or supraglottic airway techniques, gastric decompression must be performed via an oral or nasogastric tube.
b) Optimization of Anesthesia-Related Factors
For the control of protective airway reflexes and upper airway secretions, it must be ensured that the effect of neuromuscular blockers disappears completely. It must be remembered that when peripheral nerve stimulation is used for evaluating the return of the effects of neuromuscular blockers, the train-of-four (TOF) ratio of 0.9 and above is significant. Compared with visual elevation, an accelerometer provides safer results for the TOF response (30) .
"Awake extubation, " in which the airway tone, airway reflexes, and respiratory drive return to normal and patients maintain airways on their own, is the primarily preferred extubation method after surgery.
On the other hand, in the extubation performed under deep sedation, it is aimed to minimize hemodynamic changes that result from coughing and the movement of the tracheal tube; however, there is a risk of obstruction of the upper airway. Extubation under deep sedation should be preferred only in patients for whom airway management can be performed easily and there is no risk of aspiration. The risk of airway obstruction can be reduced by changing the tracheal tube with a laryngeal mask (LMA) (31) .
Suppression of Cough Reflex
The use of opioids such as alfentanyl, fentanyl, and morphine can suppress cough reflex. Short-acting remifentanil via an infusion can be preferred at this stage, but it must be administered carefully. Increased sedation can also lead to respiratory depression in addition to the suppression of cough reflex. For decreasing coughing, lidocaine can be employed topically, through a tube, or intravenously. In order to reduce cardiovascular and respiratory changes, opioids, calcium channel blockers, magnesium, lidocaine, clonidine, ketamine, and beta blockers can be used. Doxapram is used for preventing laryngospasm and/or preventing it. Steroids are preferred for decreasing airway edema. However, if steroids are to be used for this aim, they must be given at least 1 hour before the operation (32-34).
III. Implementation of Extubation
At-risk extubation involves potential complication risk and risk factors. Whether there will be a need for an advanced technique at the end must be decided. There are several equipment and advanced techniques for performing at-risk extubation. However, none of these techniques are sufficient alone for resolving problems in all the at-risk patients. The practicality of a technique and the experience of a team must absolutely be evaluated as well as the risks of the procedure.
I. Exchange with LMA (Bailey Maneuver)
Surgical repair can be negatively affected by cardiovascular stimulation associated with the tracheal tube. For patients in whom the tracheal tube must be removed under stable physiological conditions without stimulating the patient airway, the tracheal tube is exchanged with the LMA for the maintenance of the airway (Figure 1 ). The insertion of LMA in non-intubated patients is shown in Figure 2 . It can be used in patients with a sensitive airway, such as smoking or asthmatic patients. This method is not suitable for patients with difficult and risky re-intubation or with regurgitation. An adequate level of sedoanalgesia is essential for the prevention of laryngospasm. Initially, the patient is oxygenated with 100% oxygen. For preventing airway stimulation, either deep anesthesia or neuromuscular blockade is performed. Aspiration is performed while monitoring using a laryngoscope. LMA is inserted behind the tracheal tube, and the tip and position of LMA are fixed. While deflating the cuff of the tracheal tube, LMA is inflated and the tube is pulled (Figure 3 ). Oxygen is continuously administered to the patient; the patient is maintained in a semi-sitting position while the effect of anesthesia disappears. There are other techniques similar to the Bailey maneuver, in which the tracheal tube is exchanged with LMA. In one of them, the tracheal tube is removed before the insertion of LMA, the pharynx is aspirated with the help of a laryngoscope, and LMA is placed. In the second method, the location of LMA is confirmed using a fiber-optic bronchoscope, the movement of the vocal cords is observed, and LMA is inserted either via the nasotracheal tube or by pulling onto the tracheal tube. This technique can be used in patients who have undergone thyroid or parathyroid surgery and whose airway integrity is impaired due to the stimulated airway (31, (35) (36) (37) (38) .
II. Extubation with Tracheal Tube Exchange Catheters
In patients who can have difficulty in re-intubation, the maintenance of the airway can be provided through tracheal tube exchange catheters. Tracheal tube exchangers used in patients with difficult airways are specially designed, semi-rigid, long, thin, heat-resistant, radio-opaque catheters that have holes in their distal-blind tips. Numbers etched on their external surface indicate their length. They have a connector on the proximal tip for providing oxygen support or ventilation with high pressure (jet ventilation) (Figure 4) . Tube exchange catheters having different sizes are available. The ones that are more appropriate for extubation have a length of 83 cm, thickness of 11 and 14 F, internal diameters of 2.3 and 3 mm, and external diameters of 3.7 and 4.7 mm. These catheters are suitable for tracheal tubes with internal diameters of 4 and 5 mm. They were first developed by Bedger and Chang and were then used by Cooper in a patient group with 202 series (39, 40) .
Catheters exhibit a high success rate when used as a guide for re-intubation. The most important morbidity during the use of catheters occurs while providing oxygen support and in case of malpositioning of the catheter. Therefore, the distal end of the catheter must be at the middle point of the trachea. Barotrauma and fatal complications of oxygen insufflation and jet ventilation have been reported (41) (42) (43) .
In the study of Mort (9), in which 354 patients were prospectively examined in terms of the safety and efficiency of tracheal tube exchange catheters for 9 years, the success rate of re-intubation at the first try was found to be high. Other complications were reported to be low oxygen saturation, bradycardia, hypotension, and esophageal intubation.
When a tracheal tube exchange catheter is used, the possible use of other airway devices in re-intubation decreases. In other studies on difficult airways, similar successful results have been reported. Monitoring the larynx using a direct or video laryngoscope increases the success rate of re-intubation and reduces complications (44, 45) .
When a tracheal tube exchange catheter is used, oxygen support must be provided. If respiration deteriorates, its cause must be detected immediately. When an upper airway obstruction develops, oxygen support at high current must be administered through a facial mask instead of using a catheter. For improving the upper airway obstruction, standard airway maneuvers or additional airway devices can be used. Continuous positive airway pressure (CPAP) can be used with the facial mask. For decreasing airway edema, adrenalin or temporary helium-oxygen (Heliox) can be given through a nebulizer. Oxygen support via a tube exchange catheter should be given only in exceptional cases because it poses the risk of barotrauma. It must be ensured that the tip of the catheter is on the carina for allowing the passage of exhaled air. The current should not be above 1-2 L per minute (46, 47) .
Re-intubation Using a Tracheal Tube Exchange Catheter
This process requires complete monitoring of the patient, an equipped team, and comprehensive equipment. The patient is maintained in a semi-sitting position. Further, 100% oxygen is supplied with CPAP through a facial mask. For re-intubation, soft and blunt-ended small tracheal tubes, through which a tracheal tube exchanger can pass easily, must be used. Anesthetic and topical agents must be employed, when necessary. Direct or indirect laryngoscopy can be used for drawing the tongue back and for pushing the tracheal tube. The location of the tracheal tube after re-intubation can be confirmed by capnography (3).
Jet Ventilation With a Tracheal Tube Exchange Catheter
The aim of jet ventilation via a tube exchange catheter is to protect the patient against life-threatening hypoxemia rather than ventilation. When the catheter is displaced or it moves toward the subcarinal region, jet ventilation can lead to serious complications. Therefore, this technique should be considered as the final alternative. It should not be used when expiratory flow and air leakage from the edge of the catheter are not possible. The air entrapped in the lungs can cause barotrauma. Providing the patency of the upper airway with airway maneuvers can help the prevention of barotrauma. There are many high-pressure ventilation sources. However, the safest pause pressure is 10-20 cm H 2 O. Other maneuvers that can decrease barotrauma include using minimum inflation pressure, keeping the rib cage in a neutral position, and having a shorter time of inspiration. In addition to barotrauma, tracheal tube exchange catheters can cause the perforation of the tracheal mucosa and interstitial pulmonary emphysema because of reasons such as weak patient cooperation, poorly fixed catheter, or other airway manipulations (9, 41) .
III. Extubation with Remifentanil
Symptoms such as cough, agitation, or hemodynamic impairment, which develop during the removal of the tracheal tube in patients having undergone intracranial, maxillofacial, or esthetic surgery and having severe cardiac or cerebrovascular comorbidities, can lead to critical problems. Remifentanil can resolve all these problems; it allows a patient to communicate in the awakened state and follow instructions and therefore increase the tolerance of the patient to extubation. Remifentanil infusion has been used for providing "conscious sedation" when performing fiber-optic bronchoscopy. In the same way, it has also defined in emergent cases and during extubation. The dose of remifentanil necessary for the suppression of cough during extubation is influenced by several factors, including the type of surgery, anesthesia technique, and patient's characteristics. Remifentanil infusion can be initiated intraoperatively and then continued until extubation or it can be initiated while planning extubation. A wide range of doses has been specified in the literature. The appropriate dose is generally a titration dose that will suppress the cough but not induce respiratory depression (48) (49) (50) (51) (52) (53) .
CONCLUSION
Extubation must be a completely elective process. In some situations, the postponement of extubation can prove to be the most appropriate choice. During this delay, airway edema decreases and the possibility of successful extubation increases. Existent opportunities and the experience of a team are important while performing extubation. If extubation is to be performed after transferring the patient to the ICU, there must be an extubation plan. The need for auxiliary equipment during extubation must be determined. 
